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Background: Ceramic-on-ceramic (CoC) articulations in total hip replacement (THR) has been accepted as
giving reliable mid-term results; however recent studies have reported higher revision rates of some
implants. This study analyses the nationwide results of the seleXys TPS cup and the Bionit2 liner (Mathys,
Bettlach, Switzerland) with respect to implant survival, cause for revision and mortality rates compared
to other CoC articulations using the same stem.
Methods: Utilising the New Zealand Joint Registry, we compared the seleXys TPS cup with Bionit2 liner
used with an uncemented Twinsys femoral stem to every other uncemented CoC THR using the same
stem. Multivariate analysis was used to determine the effects of patient age, gender, ASA score and
implant head size on these rates.
Results: Between 2006 and 2013 a total of 1035 seleXys THRs were performed on 862 patients. The
comparison group had 375 THRs on 280 patients. There were 77 revisions (1.4/100 component
years) in the study group and two in the comparison group (0.12/100 component years). Overall
hazards ratio for revision was 12.22 times higher and female gender was associated with an
increased risk (hazards ratio 1.77). Causes for revision were disturbing noises (23.4%), acetabular
loosening (20.8%), and fracture of the liner (18.2%). Mortality rates were not signiﬁcantly different
(P ¼ .567).
Conclusions: The seleXys TPS cup with the Bionit2 ceramic inlay coupling has an unacceptably high
failure rate. We recommend avoiding this implant coupling and would advise that patients treated with
this implant need close clinical and radiological follow-up.
© 2016 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Total hip joint replacement (THR) is a common procedure,
reliably improving pain, function and mobility [1,2]. However, this
procedure continues to be reﬁned to further improve outcomes,
with implant design, materials and couplings being the focus of
recent advances [3-5].closed potential or pertinent
ent, either direct or indirect,
the biomedical ﬁeld which
rest with this work. For full
6/j.artd.2016.10.003.
ic Surgery and MSM, Univer-
aland. Tel.: þ64 3 364 0640.
Inc. on behalf of The American Asso
c-nd/4.0/).
., et al., Midterm analysis of tModular spherical pressﬁt acetabular components are
commonly used for cementless cup ﬁxation in THRs with the
potential for an improved long-term bond between the pros-
theses and acetabulum if reliable bone ingrowth or ongrowth
occurs [6,7].
The seleXys cup (Mathys, Bettlach, Switzerland) is one such
systemwhich has been used extensively over the last decade [8-12].
The elliptical design and the slightlyﬂattenedpoleof the cups allows
secureplacementwithin theacetabulum, achieving reliable primary
stability. This system is comprised of three different cup types (TPS,
titanium plasma sprayed; THþ, tetrahedronþ; PC, porous coated),
for which ﬁve different liners are available; two ceramic (Ceramys
and Bionit2), two polyethylene (Standard and Vitamysdvitamin-E-
stabilised HXLPE) and one metal (Fig. 1) [13].
The seleXys cup is the successor of the Unicup/Macroﬁt system,
which was introduced in 1996 [14]. The seleXys system was ﬁrstciation of Hip and Knee Surgeons. This is an open access article under the CC BY-NC-
he seleXys cup with ceramic inlay, Arthroplasty Today (2016), http://
Figure 1. The seleXys familydcups and liners.
Figure 2. Number of operations performed during the study period.
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able, but its popularity has reduced since 2010 due to its poor short-
termfollow-up resultswith apparentlyhigher revision rates [15-18].
The aim of this study was to analyse the revision rates of the
seleXys cup with ceramic inlay to a comparable control group
recorded within the New Zealand Joint Registry (NZJR).
Material and methods
The NZJR datawas analysed as of 1 March 2016. This registry has
national ethical approval and all patients registered gave consent
for analysis of their outcome data. The registry data has been
collected prospectively since 1999 and the audited capture rate of
the NZJR is greater than 95% [12].
Since its introduction to the market in 2006, the seleXys cup
with a ceramic liner had been used in 1234 cases. Within New
Zealand, only the TPS acetabular component was used with
different liners and eight different stem types.
The study group consisted of all THRs using the seleXys TPS cup
with a Bionit2 liner and an uncemented Twinsys femoral compo-
nent (Twinsys, Mathys) as this as the commonest stem used with
this articulation (1035/1234 ¼ 83.87%). We used every other THR
using the same uncemented Twinsys stem and ceramic inlay
recorded in the NZJR as the comparison group (375 cases).
We compared the overall risk of revision (implant longevity)
and patient mortality between the two groups after the index
procedure and then analysed the effect of gender, age, American
Society of Anaesthesiologists (ASA) physical status score and the
femoral component head size on these outcomes. Revision was
deﬁned as a repeat operation where at least one component was
changed and was recorded as a rate/100 component years. The
cause for revision was recorded and compared. Mortality was
deﬁned as death from the time of the ﬁrst primary THR, thus in
patients with bilateral THR, it was deﬁned as the time from the
initial THR.
Statistical analysis was performed using IBM SPSS Statistics 23
(IBM Corporation, Somers, New York). The chi-square test was used
to compare the demographics between the two groups. Revision
and mortality rates were compared by using the log-rank test. Cox
proportional hazards regression was used to determine the inde-
pendent effect of the prosthesis on the time to revision, allowing for
differences in baseline demographics. The level of statistical sig-
niﬁcance was set at P ¼ .05.
Results
The study group consisted of 1035 THRs (862 patients) and the
comparison group consisted of 375 THRs (280 patients) implantedPlease cite this article in press as: T. Halasi Jr., et al., Midterm analysis of t
dx.doi.org/10.1016/j.artd.2016.10.003between 2006 and 2013, to give a three year minimum follow-up
on the NZJR (Fig. 2).
During the study period there were 77 revisions performed on
the study group (revision rate of 1.40/100 component years Table 1)
and two in the comparison group (revision rate of 0.12/100
component years) which was statistically signiﬁcant (P < .001).
The mortality rates of the two groups are shown in Table 2,
where 34 of the 862 patients in the study group had died since
their surgery (mortality rate of 0.71/100 person years) compared
to, 6 of the 280 patients in the comparison group (mortality rate
is 0.48/100 person years) which was not statistically signiﬁcant
(P ¼ .567).
The distribution of age, gender, ASA and femoral component
head size between the groups is shown in Tables 3-6. The study
group had more males (P < .001), was younger (P < .001) and
used larger femoral heads (P < .028) than the comparison
group, but there was no signiﬁcant difference in the ASA scores
(P ¼ .116).
Multivariate analysis was performed on all 1410 cases to ﬁnd
whether gender, age, ASA score and head size distribution are
signiﬁcant predictors of revision or not. The results are shown in
Tables 7-10. Female patients (P ¼ .037) and femoral head sizes 28
mm or smaller (P ¼ .028) had a signiﬁcantly higher revision rate.
The age (P ¼ .065) and the ASA score (P ¼ .444) lacked statistical
signiﬁcance.
A univariate analysis showed that the study group had an 11.49
times higher risk for revision compared to the comparison group
(Table 11). In the multivariate analysis, accounting for the effects of
the gender and head size, the two signiﬁcant predicting factors for
revision, the hazards ratio was even greater at 12.22 (Table 12). In
addition, the effect of age groups in this multivariate analysis,
revealed it to not be a signiﬁcant predictive factor, with the hazards
ratio remaining signiﬁcantly elevated at 11.525 with age difference
accounted for (Table 13).
Our results also showed that examining all 1410 cases a smaller
implant head size correlated with female gender, suggesting these
are mutual risk factors (Table 14).
Themost common reasons for revision of the study groupwhich
could be attributed solely to the articulation or acetabular
component were disturbing noises (23.4%), loosening of the
acetabular component (20.8%), and fracture of the ceramic liner
(18.2%). Pain (19.5%) dislocation (14.3%), loosening of the femoral
component (10.4%), deep infection (5.2%) and periprosthetic
femoral fracture (3.9%) also contributed. Fifteen patients had two or
more reasons for the revision.he seleXys cup with ceramic inlay, Arthroplasty Today (2016), http://
Table 1
Revision rates between the groups (P < .001).
Prosthesis Procedures Component
years
Revised Rate/100
component
years
Lower
95% CI
Upper
95% CI
Non-
seleXys
375.00 1610.7 2 0.12 0.01 0.40
SeleXys 1035.00 5517.8 77 1.40 1.09 1.73
Total 1410.00 7128.6 79 1.11 0.87 1.37
Table 2
Mortality rates between the groups (P ¼ .567).
Prosthesis Patients Person
years
Deceased Rate/100 person
years
Lower
95% CI
Upper
95% CI
Non-
seleXys
280.00 1237.73 6 0.48 0.18 1.06
SeleXys 862.00 4820.34 34 0.71 0.49 0.99
Total 1142.00 6058.07 40 0.66 0.47 0.90
Table 3
Gender distribution between the groups (P < .001).
Gender Non-seleXys SeleXys Total
Female 58.9% 44.6% 48.4%
Male 41.1% 55.4% 51.6%
Table 4
Age distribution between the groups (P < .001).
Age (y) Non-seleXys SeleXys Total
<55 26.4% 37.4% 34.5%
55-64 32.8% 40.8% 38.7%
65-74 37.1% 20.1% 24.6%
75 3.7% 1.7% 2.3%
Table 5
ASA distribution between the groups (P ¼ .116).
ASA Non-seleXys SeleXys Total
1 36.8% 30.9% 32.5%
2 54.9% 58.4% 57.5%
3 8.3% 10.4% 9.8%
4 0.0% 0.3% 0.2%
Table 6
Head size distribution between the groups (P < .001).
Head size (mm) Non-seleXys SeleXys Total
28 0.0% 6.6% 4.8%
32 45.9% 31.1% 35.0%
36 54.1% 62.3% 60.1%
Table 7
Gender as a predictor of revision (P ¼ .037).
Gender Not revised Revised Total
Female 47.8% 59.5% 48.4%
Male 52.2% 40.5% 51.6%
Table 8
Age as a predictor for revision (P ¼ .065).
Age (y) Not revised Revised Total
<55 33.7% 48.1% 34.5%
55-64 39.1% 30.4% 38.7%
65-74 24.8% 21.5% 24.6%
75 2.4% 0.0% 2.3%
Table 9
ASA score as a predictor for revision (P ¼ .444).
ASA Not revised Revised Total
1 32.8% 30.4% 32.7%
2 56.9% 64.6% 57.3%
3 10.1% 5.1% 9.8%
4 0.2% 0% 0.2%
Table 10
Head size as a predictor for revision (P ¼ .028).
Head size Not revised Revised Total
28 4.5% 10.1% 4.8%
32 34.9% 38.0% 35.0%
36 60.6% 51.9% 60.1%
Table 11
Univariate hazards ratio analysis of the seleXys cup.
P-value Hazards ratio 95% conﬁdence
interval
Lower Upper
SeleXys .001 11.49 2.82 46.82
Table 12
Multivariate analysis of the variables predicting revisiondgender and head size.
P-value Hazards ratio 95% conﬁdence
interval
Lower Upper
Gender (female) .016 1.77 1.11 2.82
Size (28) .475 0.76 0.35 1.62
SeleXys .001 12.22 2.98 50.01
Table 13
Multivariate analysis of the variables predicting revisiondage, gender and head size.
P-value Hazards ratio 95% conﬁdence
interval
Lower Upper
Gender (female) .019 1.75 1.10 2.79
Size (28) .469 1.32 0.62 2.83
SeleXys .001 11.53 2.81 47.29
Age group .173 0.82 0.61 1.09
Table 14
Correlation between head size and gender.
Implant head size Female gender Male gender
28 or smaller 95.4% 4.6%
32 81.5% 18.5%
36 23.3% 76.7%
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New Zealand has a population of 4.6 million people [19].
Between January 1999 andMarch 2016more than 100,000 primary
THRs had been recorded on the NZJR. There are over 1000 THR
combinations recorded but only 202 of which have had more than
50 implants inserted. Since 2005 the seleXys cup with a ceramic
liner was used in New Zealand in 1234 cases and was one of the top
10 acetabular components used between 2008 and 2010 [8-10].
However, our results show an unacceptably high revision rate of
1.4/100 component years for this implant in contrast to a revision
rate of 0.12/100 component years of every other ceramic on ceramic
THR using the same uncemented Twinsys stem. Multivariate
analysis would suggest that when compared with other CoC
articulations that this result is likely to be implant speciﬁc.
The patients in the study and comparison groups were not
randomised, and there was a signiﬁcant difference in relation to
gender, age and prosthesis head size (Tables 3-6).We have purposely
used a comparison group which was based on the femoral stem in
order to try and isolate failure secondary to the acetabulum and
articulation surfaces alone and therefore there was no attempt to
match the two groups. We realised that it could be a serious bias in
our study so we also examined how these differences can inﬂuence
our results. Tables 7-10 show that examining all 1410 cases only
gender and femoral head size are signiﬁcant predictors of revision,
age and ASA score of the patient are not. Female gender and small
head size were associated with a higher revision rate in the uni-
variate analysis, however on multivariate analysis the effect of head
size was found to be related to female gender, rather than an inde-
pendent risk factor for revision. Furthermore, on multivariate anal-
ysis accounting for the gender and head size differences between the
groups a hazards ratio of 12.22 was found for the study group.
This is consistent with other studies published over the last few
years [16-18,20]. Ilchmann and colleagues (2010) reported on their
ﬁrst 115 seleXys THþ cups combined with a Ceramys liner, and
showed that 5.3% of their implants had aseptic acetabular loosening
within 20months [20]. This was later supported by Haverkamp and
colleagues (2013), who experienced an unacceptable high revision
rate of 7.4% in their 257 elective THRs using the seleXys
THþ acetabular component combined with a Ceramys liner during
a short 3-21months follow-up period [18]. More recently Brodt and
colleagues (2015) presented their results of 280 seleXys
THþ acetabular components and found a similar revision rate of
10% within 48 months [16].
A recent analysis of the Australian Orthopaedic Association's
National Joint Replacement Registry (AOAJNRR) indicated that the
revision rates for the seleXys THþ and TPS acetabular shells were
higher than expected. The individual revision rates are 4.28/100
component years for seleXys THþ acetabular shells and 1.79/100
component years for seleXys TPS shells. The revision rate for all
other THRs on the registry is 0.68/100 component years. These high
revision rates resulted in Mathys Orthopaedics ceasing its supply of
seleXys THþ acetabular shells in April 2013 and seleXys TPS shells
in June 2014, with a hazard alert for the seleXys THþ and TPS
acetabular shells being released in September 2015 [21]. Both
implants have subsequently been cancelled from the Australian
Register of Therapeutic Goods [22].
In the current study, themost common reasons for revisionwere
disturbing noises, loosening of the acetabular component, pain and
fracture of the ceramic liner. These ﬁndings are consistent with the
results of the prospective cohort study of 181 cups published by
Ilchmann and colleagues (2014) as well as the AOAJNRR [17].
Squeaking and disturbing noises in ceramic-on-ceramic THRs
are well recognised [3,23-25]. The exact aetiology is unknown, but
is likely multifactorial, including component design, patientPlease cite this article in press as: T. Halasi Jr., et al., Midterm analysis of t
dx.doi.org/10.1016/j.artd.2016.10.003weight, cup malposition, abnormal wear patterns and soft tissue
crepitus. However revision due to abnormal noise or ceramic liner
fracture is uncommon with the NZJR recording a 8.2% and 7.8%
incidence respectively across all CoC articulations over 16 years.
The 23.4% and 18.2% incidence in this study group is alarming.
Again, this is a recognised complication of THR and may relate
to implant malposition [26-28]. Unfortunately, NZJR data fails to
assess implant position and therefore limits our study's ability
to discern the cause of ceramic liner fracture. The controversy
between utilisation of a larger femoral head for stability, at the
sacriﬁce of a thinner liner, which may predispose to fracture is not
answered by this study [27,29-31].
Aseptic loosening of the acetabular component is also a recog-
nised complication of uncemented THR [17,26] and occurred in
20.8% of the study patients. This rate is higher than expected for
implants with a medium term follow up and may be related to cup
design or debris secondary to excessive ceramic wear. The high
incidence of noise and ceramic fracture suggests that the problem
may reside with the ceramic articulation.
Patient mortality was not signiﬁcantly different between our
two study groups. Although our study is limited by deﬁning mor-
tality as time from the initial THR, as in bilateral cases, there was no
evidence to suggest that the seleXys cup increases the risk of
patient mortality.Conclusions
This study shows that the seleXys TPS cup with the Bionit2
ceramic liner has an unacceptably high revision rate of 1.4/100
component years. Disturbing noises, acetabular component loos-
ening, and fracture of the ceramic liner are the main causes for
revision. Due to our ﬁndings we recommend against using this
combination and suggest patients treated with this implant should
undergo close clinical and radiological follow-up.References
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